Key PointsAlcohol intoxication is a potential risk factor for colonic diverticular disease (CDD); however, data on the association between alcohol intoxication and CDD are insufficient.The risk of CDD was higher in patients with alcohol intoxication and was particularly higher in male patients and in those aged \<45 years.

1. Introduction
===============

Alcohol abuse and dependence remain highly prevalent.^\[[@R1]\]^ Among working-age adults, approximately10% of deaths result from excessive alcohol consumption.^\[[@R2]\]^ Alcohol can be a significant contributing factor to many medical conditions.^\[[@R3]\]^ The medical consequences of drinking alcohol may manifest in any organ system of the body.^\[[@R4]\]^ An estimated 4% to 40% of medical and surgical patients experience problems related to alcohol intoxication or abuse.^\[[@R5]\]^ Alcohol consumption is increasing in many developing countries, which face increasing alcohol-related health problems.^\[[@R6]\]^

Colonic diverticular disease (CDD) affects increasingly more developing countries worldwide.^\[[@R7]\]^ Its prevalence in South Asia is between 8% and 25%.^\[[@R7]--[@R9]\]^ Its incidence increases with age, reaching a peak during the fifth decade of life.^\[[@R7],[@R10],[@R11]\]^ In Japan, the prevalence of CDD in the 1960s was 2.1%, but it increased to 28% in 1997.^\[[@R7],[@R9],[@R11]--[@R13]\]^ In South Korea, the prevalence was 12% in 2010.^\[[@R14]\]^ The pathogenic mechanisms and predisposing factors of CDD are not completely understood. However, the increased prevalence of CDD in Asian countries has shown that factors related to the environment and lifestyle play crucial roles in pathogenesis.^\[[@R7],[@R14]--[@R16]\]^

A low-fiber or high-fiber diet, constipation, and high bowel movement frequency are widely considered the etiological factors for CDD.^\[[@R7],[@R15]--[@R19]\]^ Recent studies have proposed alcohol consumption as a new risk factor for uncomplicated diverticulosis.^\[[@R14],[@R20]\]^ Therefore, our study aimed to determine the relationship between alcohol intoxication or abuse and CDD.

2. Methods
==========

2.1. Data source
----------------

The National Health Insurance Research Database (NHIRD) involves all the claims data from the Taiwan National Health Insurance (NHI) program. The Taiwan NHI, launched in March 1995, is a single-payer and compulsory health insurance program for Taiwan\'s 23 million residents, of whom the insurance coverage rate reached 99% in 1998.

The claims data of the NHIRD include a registry of beneficiaries, disease records, and other medical services. The database is renewed every year. In this study, disease history data for the study patients were collected from the inpatient file. The Taiwan NHI uses the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) to establish its disease record system. To maintain patient privacy, all personal identification numbers were encrypted before the databases were released to the public. This study was approved by the Ethics Review Board of China Medical University Hospital (CMUH104-REC2-115).

2.2. Study population
---------------------

In this study, we established an alcohol intoxication cohort and a control cohort, and observed these cohorts for CDD development. The alcohol intoxication cohort consisted of patients newly diagnosed with alcohol intoxication (ICD-9-CM 303, 305.0, and V113) from January 1, 2000 to December 31, 2008, whereas the comparison cohort comprised randomly selected patients without a history of alcohol intoxication. The cohorts were frequency matched 1:4 according to age and sex. The index date for the alcohol intoxication cohort was set on the first day of alcohol intoxication diagnosis, and that for the control cohort was randomly assigned a month and day within the same year of the matched cases. We excluded patients with a history of CDD (ICD-9-CM 562.1) before the index date. We started observing both study cohorts from the index date, and terminated follow-up for a patient when he or she withdrew from the health insurance, in the event of CDD occurrence, or on December 31, 2011.

Patients with comorbidity were defined as those diagnosed with comorbidity before the end of the follow-up. The comorbidities in this study included hypertension (ICD-9-CM 401--405), hyperlipidemia (ICD-9-CM 272), diabetes (ICD-9-CM 250), depression (ICD-9-CM 296.2, 296.3, 296.82, 300.4, and 311), anxiety (ICD-9-CM 300.00), fibromyalgia (ICD-9-CM 729.1), sleep disorder (ICD-9-CM 307.4, 780.5), acute pancreatitis (ICD-9-CM 577.0), cirrhosis (ICD-9-CM 571.2, 571.5, and 571.6), hepatitis B (ICD-9-CM V02.61, 070.20, 070.22, 070.30, and 070.32), and hepatitis C (ICD-9-CM V02.62, 070.41, 070.44, 070.51, and 070.54).

2.3. Statistical analysis
-------------------------

To present the distribution of the study patients, we showed the mean and standard deviations (SDs) for age, number of years, percentage of sex, and comorbidity. The *t* test and Chi-square test were used to test the distribution difference between the study cohorts. The incidence density of CDD was measured as the number of CDD events divided by the sum of the follow-up time (per 10,000 person-year). The Kaplan--Meier method and log-rank test were used respectively to estimate cumulative incidence curves for the 2 study cohorts and to test the curve difference. The incidence rate ratio (IRR) of CDD in the alcohol intoxication and nonalcohol intoxication cohorts was measured for these variables by using Poisson regression analysis, which presented by IRR and 95% confidence intervals (95% CIs). By using a Cox proportional hazards model, the adjusted hazard ratios (aHRs) and 95% CIs were estimated for patients with alcohol intoxication and for those in the control cohort (as a reference for comparison). To consider the effect of the severity of alcohol intoxication, a trend analysis was applied using a Cox proportional hazards model. Statistical analyses were performed using SAS 9.4 software (SAS Institute, Cary, NC). The incidence curves were plotted using R software (R Foundation for Statistical computing, Vienna, Austria). A 2-sided *P* \< .05 was considered significant.

3. Results
==========

The number of enrolled patients with alcohol intoxication was 51,866, whereas that in the control cohort was 207,464 (Table [1](#T1){ref-type="table"}). Ninety percent of the study patients were men. The mean age was 44 years (SD = 12), and the majority age group was 35 to 65 years old. The comorbidity proportions in the alcohol intoxication cohort were greater than those in the control cohort (*P* \< .0001).

###### 

Comparison of demographics and history of comorbidity between alcohol intoxication, and nonalcohol intoxication cohorts.
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Table [2](#T2){ref-type="table"} shows that the IRR of CDD was 4.75-fold greater in the alcohol intoxication cohort than in the control cohort (16.4 vs 3.46 per 10,000 person-year). The cumulative incidence of CDD after an 11-year follow-up was greater in the alcohol intoxication cohort than in the control cohort (log-rank test, *P* \< .0001; Fig. [1](#F1){ref-type="fig"}). After adjustment for age, sex, and comorbidities, patients with alcohol intoxication had a 3.21-fold higher risk of CDD compared with the controls (hazard ratio \[HR\] = 3.21, 95% CI = 2.76--3.74). Both male and female patients with alcohol intoxication were significantly associated with an increased risk of CDD (men: HR = 3.19; women: HR = 3.44; both men and women: *P* \< .0001). In patients aged \<45 years, those with alcohol intoxication had a 4.95-fold increased risk of CDD compared with those without alcohol intoxication (HR = 4.95, 95% CI = 3.91--6.27). For patients aged ≥45 years, the HR of CDD was 2.34 (95% CI = 1.89--2.88) for those with alcohol intoxication. For patients in the alcohol intoxication cohort with and without comorbidity, the HRs of CDD were 3.38 (95% CI = 2.77--4.11) and 2.85 (95% CI = 2.25--3.61), respectively.

###### 

Incidence and adjusted hazard ratio of colonic diverticular disease stratified by sex, age, and comorbidity (yes/no) between both 2 cohorts.
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![The cumulative incidence of colonic diverticular between alcohol intoxication (dashed line) and nonalcohol intoxication cohorts (solid line).](medi-99-e18840-g003){#F1}

Table [3](#T3){ref-type="table"} demonstrates the joint effects of alcohol intoxication and comorbidity on the CDD risk. Relative to patients in the control cohort without comorbidity, those in the alcohol intoxication cohort with comorbidity had the highest risk of CDD. The HRs of CDD for patients in the alcohol intoxication cohort without comorbidity and for those with comorbidity were between the HRs of CDD for patients in the control cohort and those in the alcohol intoxication cohort with comorbidity. We observed that patients in the alcohol intoxication cohort with acute pancreatitis had a 9.03-fold increased risk of CDD compared with those without acute pancreatitis (HR = 9.03, 94% CI = 7.63--10.7).

###### 

The join effect between alcohol intoxication and each different comorbidity for risk of colonic diverticular disease.
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Table [4](#T4){ref-type="table"} presents the risk of CDD in patients with different severities of alcohol intoxication. The HRs of CDD were 1.98 (95% CI = 1.64--2.39), 4.73 (95% CI = 3.86--5.79), and 10.3 (95% CI = 8.27--12.7) for patients with mild, moderate, and severe alcohol intoxication, respectively. The results also indicated a significantly increasing trend of the risk of CDD among patients with different severities of alcohol intoxication (*P* for trend \<.0001).

###### 

Incidence rate and hazard ratio for colonic diverticular disease stratified by severity of alcohol intoxication.
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4. Discussion
=============

The rate of alcohol dependence and abuse was estimated at 16.2% among people aged 18 to 29 years, 9.7% among those aged 30 to 44 years, 12.4% among men, and 4.9% among women.^\[[@R1]\]^ In our study (Table [1](#T1){ref-type="table"}), 90% of the study patients were men, the mean age was 44 years, and the majority age group was 35 to 65 years. Whether being male and middle-aged increases the likelihood of people consciously or accidentally intoxicating themselves with alcohol requires further research.

The comorbidity proportions in the alcohol intoxication cohort were greater than those in the control cohort (Table [1](#T1){ref-type="table"}). Medication for alcohol intoxication should be prescribed carefully. Current use of opiate analgesics (odds ratio \[OR\] = 2.16, 95% CI = 1.55--3.01) or oral corticosteroids (OR = 2.74, 95% CI = 1.63--4.61) was associated with an increased risk of diverticular perforation.^\[[@R21]\]^

On the basis of multivariate analysis, some studies have reported that alcohol consumption is significantly associated with diverticulosis. The adjusted OR was 1.91 (1.36--2.69) in the United States^\[[@R20]\]^; the adjusted OR was 2.195 (95% CI = 1.091--4.416) in South Korea.^\[[@R14]\]^ After adjustments for age, physical activity, and energy intake of dietary fiber and total fat, a study reported that alcohol intake was only weakly or nonsignificantly associated with the risk of symptomatic diverticular disease (relative risk \[RR\] = 1.36, 95% CI = 0.94--1.97, *P* for trend = .37).^\[[@R22]\]^ In 1994, Aldoori et al mentioned that for men on a high-total-fat, he RR was 2.35 compared with those on a low-total-fat, high-fiber diet, and for men on a high-red-meat, low-fiber diet the RR was 3.32 compared with those on a low-red-meat, high-fiber diet.^\[[@R23]\]^ Men in the lowest quintile for both dietary fiber and physical activity were also associated with an increased risk of symptomatic diverticular disease compared with those in the highest quintile (RR 2.56, 95% CI = 1.36--4.82).^\[[@R24]\]^ Obesity in men in the highest quintile of waist circumference compared with those in the lowest quintile showed an increased risk of symptomatic diverticular disease (RR diverticulitis 1.56, 95% CI = 1.18--2.07; RR diverticular bleeding 1.96, 95% CI = 1.30--2.97).^\[[@R25]\]^ Women smokers appeared to have an increased risk of perforated diverticulitis and diverticular abscess compared with nonsmokers (OR 1.89, 95% CI = 1.15--3.10).^\[[@R26]\]^ In addition, compared with nonusers, users of aspirin and non-steroidal anti-inflammatory drugs had an increased risk of diverticulitis (HR 1.25, 95% CI = 1.05--1.47).^\[[@R27]\]^ In the present study, patients with alcohol intoxication exhibited a 3.21-fold higher risk of CDD (95% CI = 2.76--3.74) compared with those in the control cohort (nonalcohol intoxication). This result suggests a strong association between alcohol intoxication and CDD. Compared with the incidence of CDD for patients in the control cohort, that for younger patients (aged \<45 years) with alcohol intoxication was as much as 4.95-fold higher, and that for female patients was as much as 3.44-fold higher (Table [2](#T2){ref-type="table"}). In addition, the incidence of CDD was as much as 3.38-fold higher for patients with no comorbidity and 2.85-fold higher for patients in the alcohol intoxication cohort with comorbidity (Table [2](#T2){ref-type="table"}).

Further analysis of comorbidities among hypertension, hyperlipidemia, diabetes, fibromyalgia, and hepatitis C revealed no increased risk associated with CDD. Depression, anxiety, sleep disorder, acute pancreatitis, liver cirrhosis, and hepatitis B were associated with an increased risk of CDD. When patients with alcohol intoxication simultaneously had sleep disorder, acute pancreatitis, or liver cirrhosis, they were determined to be at a significantly higher risk of developing CDD (Table [3](#T3){ref-type="table"}). The relationship between these diseases and CDD still requires further evaluation. However, except for hepatitis B, depression,^\[[@R28],[@R29]\]^ anxiety,^\[[@R30],[@R31]\]^ sleep disorder,^\[[@R32]--[@R36]\]^ pancreatitis,^\[[@R37],[@R38]\]^ and liver cirrhosis,^\[[@R39]\]^ all diseases were associated with alcoholic consumption. Heavy drinkers seem to be at a higher risk of depression than consumers who do not drink regularly.^\[[@R28]\]^ Among patients treated for alcohol addiction, changes in depression were considered predictors of changes in alcohol consumption.^\[[@R29]\]^ Drinking may be a potential risk factor for non-recovery from anxiety and depression.^\[[@R30]\]^ Clinicians should consider a patient\'s alcohol consumption before prescribing or dispensing sedative/anxiolytic drugs.^\[[@R31]\]^ Herein, sleep disorders according to ICD-9-CM include insomnia (307.4) and sleep apnea (SA) (780.5). Insomnia and alcohol dependence can be considered co-occurring disorders.^\[[@R32]\]^ Alcohol dependence can be accompanied by primary and/or secondary mood disorder or sleep disorder.^\[[@R34]\]^ After adjustments for gender and age, insomnia was associated with alcohol consumption (adjusted OR = 1.21, CI 95% = 1.03--1.41) and depressive symptoms (adjusted OR = 3.59, CI 95% = 3.04--4.24).^\[[@R35]\]^ Chronic insomnia was associated with alcoholic disorder (OR = 4.83, CI 95% = 1.89--12.37).^\[[@R36]\]^ Current and past alcohol consumers had significantly higher odds of having SA (OR = 1.52, 95% CI = 1.03--2.23; OR = 1.65, 95% CI = 1.09--2.49) than those of nonalcohol drinkers.^\[[@R33]\]^ In this study, we demonstrated that alcohol intoxication or abuse was a strong risk factor for CDD. Furthermore, patients with depression, anxiety, sleep disorder, acute pancreatitis, cirrhosis, and hepatitis B were found to be predisposed to CDD.

A stratified analysis (Table [4](#T4){ref-type="table"}) of different severities of alcohol intoxication reveals that the adjusted HR of CDD increased as the alcohol intoxication of patients changed from mild to moderate to severe. The results also indicate a significantly increasing trend of risk of CDD among patients with different severities of alcohol intoxication (*P* for trend \<.0001). There was a significantly positive correlation between alcohol intoxication or abuse and CDD.

5. Limitations
==============

This study had some limitations. First, the NHIRD provides no information about patients' lifestyle, living habits, body mass index, physical activity, socioeconomic status, or details of family history, all of which were possible confounders in our study. Second, the general methodological quality of the evidence obtained from cohort studies is lower than that of randomized trials. Cohort studies are relevant because confounding factors cause the necessary adjustments to result in considerable prejudice. Despite the well-designed study of control and adequate confounders, bias can be maintained because there may be unknown or unmeasured confounders. Third, the NHI registration of claims is mainly used for administrative fees and research purposes. Because of the anonymity of the identification number, obtaining additional information directly from patients was not possible. The accuracy claims of medical coding data may affect the validity of the data. However, the diagnostic data regarding the NHIRD are highly reliable, and the insurance system has a mechanism for monitoring insurance claims. Finally, there was a tendency for patients with alcohol intoxication to undergo examination such as computed tomography or colonoscopy examinations. But there is no conclusion whether the presence of gastrointestinal symptoms increases the diagnosis of CDD, or uncomplicated diverticular disease can also cause gastrointestinal symptoms.^\[[@R40]\]^ Several studies report there is significantly increased risk of CDD in alcohol drinkers.^\[[@R7],[@R20],[@R41]\]^

Our study had the following advantages: It had a population-based design, the obtained results are universal, the number of samples was large, and the study and control groups included population-based data and NHIRD records. In addition, the NHIRD is a highly representative sample: it covers nearly all of Taiwan\'s total population because the reimbursement policy is universal and operated by a single buyer, the government of Taiwan. All insurance claims to be reimbursed to medical experts are subject to peer review.
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